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Abstract 
A field experiment was established on a representative sandy soil field to evaluate the effect of nitrogen(N) fertilizer 
and irrigation application rates on nitrate (NO3--N) present in the soil profile during two consecutive years (2006-
2007). The results revealed that crop yields were not significantly enhanced at N application rate over than 225 kg/ha 
and were not significantly reduced when 75% of traditional irrigation rates (12000 m3/ha) were supplied. The 
amounts of NO3--N accumulation in soil ranged from 9.81 to 87.83 kg/ha significantly increased with N application 
rates. Compared with reduced irrigation rates, NO3--N accumulations were obviously decreased in the 0-100cm soil 
layer but increased in the 200-300 cm soil layer on traditional irrigation rate. The results of this study indicate that 
excess N fertilizer and irrigation application rates have been provide for crop, and cause more NO3--N leaching. 
However, there was a great potential for reducing N fertilizer and irrigation water inputs to mitigate nitrate 
accumulation and leaching in the profiles of this sandy farmland region. 
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1. Introduction 
The rising demand for food has resulted in efforts to increase grain yield by using intensive 
management practices, including increased application of water and N fertilizer[1]. However, according a 
reported[2], the rise of N fertilizer input from 1950 to 1991 was about 4.3 times whereas the average yield 
of cereals could only be improved by 2.7 times. Excessive irrigation and N fertilizer application rate may 
result in low utilization efficiency of applied resources and lead to more soil nitrate accumulation and 
leaching, therefore, cause a groundwater nitrate contamination[3]. 
The summer maize cropping is the most important agricultural production system in the middle Basin 
Oasis of Heihe River, Northwest China. Excessive N fertilizer and irrigation rates are considered as a 
conventional agricultural practice in this system, especially on sandy farmland regions that widely 
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distributed in the desert-oasis ecotone. For instance, a research conducted in Linze town, which is located 
in this region, showed that the average amount of irrigation water applied by farmers more than 12000 
m3/ha and the average amount of N fertilizer more than 350 kg N /ha for this summer maize production 
system[4]. However, little is known about the quantitative relation between N fertilizer, irrigation water 
input and soil nitrate leaching on this sandy farmland agriculture system. Therefore, to get more insight 
into the effect of irrigation and N fertilizer input rates into soil on leaching in this typical sandy farmland 
regions, a field experiment was conducted during the period from 2006 to 2007. In this paper, we report 
the accumulation and leaching of NO3--N in maize cropping system under different N and irrigation 
regimes. We first analyze the effects of irrigation and N fertilizer rates on maize yield, and then we 
estimate the accumulation and leaching of N in the soil, N movement into deeper soil layers. Finally, we 
discuss ways to optimize N fertilizer application and irrigation management and to reduce NO3--N 
leaching in these sandy soils. 
2. Material and methods 
The field experiment was conducted from 2006 to 2007 at the Linze Inland River Basin 
Comprehensive Research Station (39°21′N, 100°07′E, 1382 m above sea level) located in  the Linze town 
of Gansu Province, Northwest China. The site is characterized by a typical semiarid continental monsoon 
climate. The annual mean temperature is 7.3 . The mean annual precipitation is 116.8 mm. Mean annual ℃
pan-evaporation is around 2390 mm. Soil type was identified as an orthic anthrosoil with a sandy texture. 
Three irrigation levels and five N application rates were arranged as split plots in a randomized 
complete block design with three replications. The irrigation levels were conventional irrigation (12000 
m3/ha), 10% or 12.5% water-saving irrigation (10800 m3/ha in 2006 and 10500 m3/ha in 2007), and 20% 
or 25% water-saving irrigation (9600 m3/ha1 in 2006 and 9000 m3/ha), these irrigation levels are 
designated W1, W2, and W3, respectively. The N application rates were 0, 150, 225, 300, and 375 kg/ha, 
and are designated N1, N2, N3, N4, and N5, respectively. There are 45 plots. And all plots had an area of 20 
m2 (4 × 5 m), and were separated by a rubber barrier down to 100 cm soil depth and an above-ground 15 
cm concrete barrier to prevent the movement of water and N between contiguous plots. 
Urea (46% N) was used as the N fertilizer. One-third of the applied N were uniformly broadcasted and 
plowed into the surface soil (0-10 cm) shortly before sowing of maize and cotton, one-third were applied 
between the V6 (sixth leaf) and V7 (seventh leaf) stages by hand before irrigation, and the rest were 
applied at tasseling stages (15 August 2006 and 20 August 2007). Phosphorus, potassium and zinc were 
applied only before sowing. The maize was irrigated ten times. A water meter was used to ensure the 
accurate control of the volume of water delivered to each treatment. According to conventional maize 
practices used by local growers, maize was planted in 50 cm rows with 25 cm between adjacent plants in 
the row. Seeds were sown on 20 April in 2006, 22 April in 2007. Crops were harvested on 25 September 
in 2006, 19 September in 2007. The choice of crop, irrigation and N fertilization as well as selection of 
type of action was at the discretion of local farmers to ensure that the field experiment would be as 
practice-oriented as possible. 
The crops were harvested at maturity, and the grain yield was recorded. The soil in each plot was 
sampled for nitrate concentration analysis after crops harvested. The soil was sampled routinely to a depth 
of 200 cm in 2006; however, it was sampled to 300 cm in 2007 and 2008, separated in the following soil 
depths: 0-20, 20-40, 40-60, 60-80, 80-100, 100-120, 120-140, 140-160, 160-180, 180-200, 200-230, 230-
260, 260-300. The soil material was taken by using a 5 cm-diameter soil corer. Three cores were taken 
randomly on every plot and mixed to one soil samples. The samples were transferred into polyethylene 
bags and immediately transported to the laboratory and stored at -18  until analysis.℃  NO3--N 
concentration in soil was determined using a UV spectrophotometer method after soil samples had been 
immediately extracted by shaking soil in a KCL solution for 1 h on a rotary shaker, followed by filtration.  
The total amount of NO3--N by soil depth was calculated according to the equation[5]: 
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Y= TiBDi[NO3-]i   
where Ti is the thickness of each layer in cm, BDi is the bulk densities in g/cm3, and [NO3-]i is the soil 
NO3- concentration in mg/kg.  
A mixed-model analysis of variance (ANOVA) was used to calculate the effects of N rates and 
irrigation rates on grain yields, NO3--N accumulation. Pairs of mean values were compared by the least 
significant difference (LSD) at the 5% level using Statistical Product Service Solutions (SPSS) for 
Windows.  
3. Results 
3.1Crop yields 
Crop yield were shown in table Ⅰ. In the first year of the study (2006), grain yield of maize (ranged 
from 6178±204 to 13693±893 kg/ha) was not influenced by irrigation rates, but increased by N fertilizer. 
No Zn or other micronutrient deficiency symptoms were observed in two years. Thus, the availability of 
micronutrients in the soil was unlikely to have limited yield or limited the response to N. Compared with 
N1 treatment (the no N fertilization control), the N2, N3, N4, and N5 treatments increased grain yield by 75, 
109, 98, 101%, respectively. Yield did not significantly increase at application rates > 225 kg N/ha 
(treatment N3), indicated that further increasing N fertilizer application rates did not further increase the 
yield. Same with 2006, in the second year of the study (2007), maize grain yield (ranged from 6908±389 
to 13124±65 kg/ha) was not influenced by irrigation rate, but significantly increased by N fertilizer rates 
up to > 225 kg N/ha. Compared with the N1 treatment, the N2, N3, N4, N5 treatments increased grain yield 
by 48, 62, 62, and 66% in 2007, respectively. The interaction effect of irrigation and N fertilizer 
application rates on grain yield of maize was significant, the highest grain yields of maize were recorded 
in W1N5 treatments in both 2006 and 2007.  
Table 1 Crop Yields(kg/ha) under Different Irrigaiton And Nitrogen Fertilizer Application Rates 
Year 
Irrigation rates 
(m3/ha) 
N fertilizer application rates(kg/ha) 
N1 N2 N3 N4 N5 Average
2006 
W1 6178±204a 11602±402 b 12885±449 a 13560±364 a 13693±893 a 11583 a
W2 6995±367c 12013±355 b 13131±586 a 12431±245 ab 12371±420 b 11388 a
W3 7339±485b 12254±624 a 12922±96 a 12158±424 a 12627±834 a 11460 a
Average 6837c 11956 b 12979 a 12716 a 12899 a  
2007 
W1a 7251±149c 11530±440 b 12103±3 ab 12069±105 ab 13124±65 a 11215 a
W2 8144±532b 11698±58 a 12186±209 a 12252±692 a 12102±163 a 11276 a
W3 6908±389b 9830±808 a 11946±499 a 11094±167 a 11818±334 a 10319 a
Average 7434c 11019 b 12078 a 11805 ab 12348 a  
 
Mean values in each row for same irrigation rate in same year followed by the same letter are not 
significantly different at the 0.05 level. 
3.2Soil nitrate distributiong  
As a result of the differences in soil profiles physical properties, the nitrate concentration at 4-40 cm, 
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140-160 cm, and 230-300 cm of profiles in all treatments was higher than other soil profiles, and thus 
obviously affected by N fertilizer application rates and irrigation rates at these three soil profiles than 
other soil profiles.  
In the first year of the study, soil NO3--N concentration was measured only from 0-200 cm. At the 0-
40 cm soil layer, NO3--N concentration ranged from 3.21mg kg-1 (in the W1N1 treatment) to 7.00 mg/kg 
(in the W2N5 treatment) (Fig. 1). Plots receiving 225, 300, and 375 kg N/ha had significantly greater 
quantities of NO3--N than did plots receiving 0 or 150 kg N ha-1, and plots receiving 375 kg N /ha (N5) 
had the highest NO3--N level in all of irrigation rate at 0-40 cm soil layer, indicating the nitrate 
concentration was obviously increased by N fertilizer application in this soil profile. Similar tendency 
were presented at 140-160 soil layer. NO3--N concentration were obviously decreasing with irrigation 
rates at 0-40 cm, but increasing with irrigation rates at 140-160 cm, this necessarily related with 
intensively water movement in higher irrigation rate, leading to more N leaching to deep soil layer (Fig. 
1). However, the NO3--N concentration was lower at 40-140 cm and 160-200 cm and was not 
significantly affected by N application rate or irrigation rate.  
 
 
 
 
 
 
 
 
 
 
Figure 1 NO3--N concentration at different soil depths as affected by irrigation and nitrogen fertilization application rates 
In the second year (2007) of the study, NO3--N concentration was measured from 0-300 cm to evaluate 
leaching of NO3--N below 200 cm. The NO3--N concentration (ranged from 0.4 mg kg-1 in the W1N1 
treatment to 7.4 mg/kg in the W1N5 treatment) (Fig. 1) presented similar tendency in the 0-200 cm soil 
layer. Moreover, NO3--N concentration was generally lower in 2007 than that in 2006 (Fig. 1), this 
affirmed that there were leaching of NO3--N from soil. NO3--N below 200 cm increased with N fertilizer 
rate, especially at 260-300 cm. The NO3--N concentration below 200 cm was generally higher with an N 
application rate of 375 kg/ha than with the lower application rates because of more leaching of N into this 
soil layer. Irrigation rate significantly affected soil NO3--N below 200 cm. The highest levels of NO3--N 
concentration occurred at 260-300 cm and with the highest irrigation and N fertilization rates (W1N5), 
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indicating that high rates of irrigation and fertilization caused significant NO3--N leaching into lower soil 
depths. At the 0 kg N/ha treatments, however, the influence of irrigation on soil NO3--N concentration 
below 200 cm was minimal, because there was no surplus N that were offer to leaching. 
3.3Nitrate in soil profiles  
NO3--N accumulation in soil profiles for each harvest season were analyzed. No obvious accumulation 
of NO3--N was found in the 0-300 cm soil layer for the no N application treatments (N1) after the crop 
harvest, and was decreased in 2007 compared with previous year, especially under high irrigation rate 
treatment. This would be due to little renewal of soil nitrogen in the N1 treatment (Table 2).  
NO3--N accumulation in soil profiles had a positive relationship with N fertilization rate regardless of 
irrigation rate (Table 2). The average nitrate accumulation in 0-100 cm soil profile at 375 kg N/ha was 43.2 
kg N/ha, which was 1.1, 1.1, 1.2, and 1.7 times higher than that of 300 kg N/ha, 225 kg N/ha, 150 kg N/ha, 
and 0 kg N/ha treatment respectively(Table 2). Irrigation rates significantly affected NO3--N accumulation 
in the soil, the amounts of NO3--N accumulation in 0-100 cm soil profile under irrigation amount of 12000 
m3/ha was lowest, followed by irrigation rate of 10500 m3/ha, and irrigation amount of 9000 m3/ha. 
However, there was an inverse sequence of amounts of NO3--N accumulation in 200-300cm soil profile. 
4. Conclusion 
Present study showed that N rates above 225 kg N ha-1 caused no additional increases in yield. 
However, in the North China, 200 kg N/ha was recommended when considering both grain production 
and environmental impacts[6], this distinction could be related to lower nutrient in sandy soil. Crop 
cannot get additional N application from this poor soil, thus the demand for N fertilizer increased. A study 
conducted on a Verndale sandy loam soil also showed that maximum maize grain yields were obtained 
with 202 to 234 kg N/ha[7]. Although, this application rate was still evidently lower than the conventional 
application rates of N fertilizer (350-450 kg N/ha) used by local farm. This study also indicated that the 
irrigation amount of 12000 m2/ha was exceptionally excessive, could not increased the agriculture 
production, but over-consumed water resources and lead to NO3--N leaching to groundwater. A study by 
Su and Chen [8]in same area confirmed this item. 
Table 2 Nitrete Accumulaiton At Soil Layer Under Different Irrigation And Nitrogen Fertilizer Application Rates 
Year Soil Layer (cm) 
Irrigation rates 
(m3/ha) 
N rates (kg/ha) 
N1 N2 N3 N4 N5 
2006 
0-100 W1 26.2 34.1 43.3 36.2 41.4 
 W2 36.4 36.4 41.3 41.4 48.3 
 W3 33.1 37.7 41.6 38.4 41.5 
100-200 W1 20.3 23.4 29.6 289.0 33.5 
 W2 27.9 29.3 30.0 26.0 26.6 
 W3 20.6 29.8 24.6 44.0 40.4 
2007 
0-100 W1 17.9c 32.2b 33.9b 37.9ab 41.8a 
 W2 22.1b 30.5ab 39.6a 37.0a 42.2a 
 W3 26.9c 40.8bc 45.7b 49.5ab 63.3a 
100-200 W1 9.8d 24.1 c 28.2bc 40.2a 39.7 ab 
 W2 18.1b 25.0ab 43.1a 37.5ab 37.0 ab 
 W3 18.3b 33.3ab 35.3ab 40.8ab 53.4a 
200-300 W1 22.5c 21.4 c 37.8 bc 56.0 b 87.8 a 
 W2 22.7b 31.7 b 39.9 ab 56.2 a 54.6 a 
 W3 25.5b 35.1 ab 44.4 ab 60.1 a 57.2 a 
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Mean values in each row for same irrigation rate in same year followed by the same letter are not 
significantly different at the 0.05 level. 
Under conditions of this study, the NO3--N concentration increased 22% at 0-200 cm and 16% at 80-
200 cm when 375 rather than 150 kg N/ha was applied. In general, less NO3--N accumulates in sandy than 
in clay soils because of the lower absorption in sandy soil [9]. However, because of low water-holding 
capacity in sandy soil texture, NO3--N concentration was exceptional low in 40-140 cm and 160-230 cm 
soil layer in the present study. This would be acceptable in no N or lower N fertilizer application 
treatment, but was not be tolerable in higher N fertilizer application treatments. However, the average 
amount of NO3--N accumulation in 0-100 cm of the conventional irrigation rate (12000 m3/ha) was 7.9 % 
and 21.3% lower than medium irrigation rate (10800 or 10500 m3/ha), and least irrigation rate (9600 
m3/ha and 9000m3/ha), indicated more NO3--N was leaching. 
Soil texture can have significant impact on crop growth and N demand, the sandy soil in the study 
site had an alkaline pH (8.80-9.01), which could favor nitrification, i.e., the biological conversion of urea 
into NO3--N and in same time can increase the risk of NO3--N to groundwater because of its low water-
holding capacity. In our study, even the lowest irrigation rate (9000 m3/ha for maize and 8100 m3/ha for 
cotton) was too large. There may be another opportunity to decrease the amount of irrigation in sandy 
farmland, requiring smaller but more frequent irrigations. Thus, water productivity could be improved, at 
the same time, reduce the risk of groundwater contamination. However, this requires knowledge about 
water and N demand of and the interaction between sand soil N dynamics and crop N uptake.  
5. Conclusion 
On sandy farmland soil in the arid oasis agricultural area in northwest China, the habitual amount of 
irrigation (12 000 m3/ha) was excessive for maize production, could result in over-consumption of fresh 
water resources and enhancing NO3--N leaching from 0-100 cm soil layer. It could be consider reducing 
habitual amount of irrigation (to 9600 m3/ha or 9000 m3/ha or more less) for maize growth on these sandy 
soils, while crop yield will not been affected significantly. N fertilizer application rates of 225 kg N/ha 
was adequate for sustained maize yield, however, more lees N fertilizer should been give for decreasing 
the risk of NO3--N accumulation and leaching in this sandy farmland region. 
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